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Hime of the 2nd stage is < twice that of the first, the resolving time of the 3rd 
stage < 4 times that of the first, and so on up to the xth. Otherwise prolonged in¬ 
sensitive periods may occur. Similar conditions apply to all types of counters. 
'When they are satisfied, the resolving time is simply that of the first stage. In 
synchronized feedback, if x > 1 and the first stage has not been speeded up, the 
- other stages are not critical. 

Conclusion .—Since this work was commenced in 1945, descriptions of a 
number of practicable decimal counters have been published, in spite of the 
limitations mentioned above. However, the method is still of interest as showing 
the possibility of varying the cycle by means of feedback, using only the normal 
action of the individual stages, and it may be a useful alternative, for certain 
purposes, to other methods of avoiding the conversion difficulty. 


Table fob Cycle of 100. 
Dots indicate stage on. 



A METER INDICATOR FOR USE WITH ELECTRICAL 
COUNTERS USING SCALE-OF-2 CIRCUITS. 

By J. S. Coombs, M.Sc., Physics Department, University of Otago. 

Abstract .—A meter method of indicating the count of a 
series of coupled scale-of-2 circuits is described. The method 
is particularly suitable when a seale-of-10 unit has been 
converted to act as a decade counter. 

’High-speed electrical counters or chronographs are, at present, being used in 
increasing numbers and in an increasing variety of applications. When an 
instrument is first devised and is performing a new function, a certain amount 
-of inconvenience in use is tolerated, but when it becomes an everyday tool 
it is desirable that the operation be as simple as possible. During the war 
period electrical counters or chronographs underwent considerable delevopment, 
one of the main uses being the measurement of short time intervals in deter¬ 
mining the muzzle velocity of shells. High-speed counters have also been used 
for many years in radioactivity measurements, each disintegration in a sample 
producing a count. 

The fundamental unit of a high-speed electrical counter is a scale-of-2 
circuit (Fig. 1), which consists of two electronic valves coupled together so 
that the system has two stable states. In one stable state, the first valve, A, 
is conducting, and the second, B, non-conducting. If a suitable impulse is fed 
to the input, the conducting states are reversed, B becomes conducting and A 
non-conducting. Another impulse to the input returns the system to the 
^original state, and by taking an output signal from one valve of the pair. 
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one output pulse can be obtained for two input pulses. Hence the name, 
Seale-of-2. By using a number of seale-of-2 circuits in series, it is possible to 
build up scales-of-4, 8, 16, etc. 

I 5cafe - o{ - Two Circ utT 



The normal method of indicating the count is to have one neon lamp 
connected to each scale-of-2 circuit (aeioss one of the plate load resistors). 
If the lamp is glowing, the count is one, if the lamp is extinguished, the count 
is zero. Hence for a seale-of-16, there would be four lamps (Fig. 2). At the 
start of a counting peiiod all the lamps would be extinguished. When one 
input pulse is received, the fiist lamp glows. With a second input pulse, 
the first lamp goes out, but the second lamp goes on. The counting value 
for the second lamp is two, the value for the third lamp four, and for the 
fouith lamp eight. So if, after a counting peiiod, the first and fourth lamps 
were glowing, the numbci of pulses received would have been 1 + 8, i.e., 9. 
In a large scaling unit using 10 scale-of-2 circuits and giving, in effect, a 
scale-of-1024, theie is a considerable possibility of error in recording the 
count. The trouble is that the final state of the instrument is not simply 
interpreted in terms of our decimal system of counting. 

Ft g 21 Scale - of - Sixteen 



There have been two developments to simplify the operation and use 
of high-speed electrical counters. The first improvement was the introduction 
of the decimal or decade counter. One type, described by Potter*, uses a 
very ingenious method of resetting a normal scale-of-16 circuit to its original 
state after ten pulses have been received. Potter used four neon lamps as 
indicators for each decade, thus making a small amount of arithmetic neces¬ 
sary when finding the number of units, tens and hundreds in a count. A second 
type has been described by Lewist. This method uses a scale-of-2 circuit 
followed by a ring-of-5. For indicators, Lewis suggests neon lamps or magic- 
eye tubes. 

*.T. T. Potter. A Four-tube Counter Decade. Electronics : 110-113. June, 1944. 
t W. B. Lewis. Electrical Counting. P. 91. .Cambridge University Press, 1942. 
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The second improvement lias been the introduction of a meter to indicate 
the count, the meter pointer moving over the scale in steps, and the reading 
giving the state of the counter directly. Quite recently, a decade counter 
using the scale-of-2 and ring-of-5 system with a meter indicator, has been 
described by West*. This particular counting system had been described earlier 
(during the war penod) in a report which had a restiicted circulation. 

The remainder of this paper describes a meter indicator system which 
can be used with electrical counters consisting of a series of scale-of-2 circuits. 
The method is particularly convenient when used with a decade counter of 
the Pottei type, i.c., a seale-of-16 converted to act as a seale-of-10. 



Fig. 3 shows the principle. Each pair of valves forms a scale-of-2 circuit. 
In the initial state before a counting period, valves 1, 3, 5 and 7 are con¬ 
ducting, and valves 2, 4, 6 and 8 non-conducting. The current through the 
plate load resistor of a conducting valve is about 2.5 ma., and the current 
through the other plate load resistor about 0.5 ma. (due to the resistors of the 
coupling cneuit). When a suitable pulse is received and the scale-of-2 circuit 
changes its stable state, the change in current through each plate load resistor 
is about 2 ma. In the initial state of the counter, the 0.5 ma. currents produce 
a total voltage diop across R x , R 2 , R 3 and R 4 of about 37.5 mV. A similar 
potential diop is arranged across R r> , so, at the start, there is zero potential 
difference between jioints X and Y. 

When the hist pulse is received and valve 2 becomes conducting, the 
extra 2 ma. through R x produces a potential change of 0.01 V. at X. With 
a 2nd pulse, 2 becomes non-conducting, but 4 becomes conducting. The 2 ma. 
through R x and R 2 produces a potential change of 0.02 Y. at X. A 3rd pulse 
makes valve 2 conducting besides valve 4, so giving 4 ma. through R x and 
2 ma. through R 2 to provide the change. This produces 0.03 Y between X 
and Y. With a 4th pulse we get 0.04 V. at X, since valves 2 and 4 become 
non-conducting but 6 conducting. A 5th pulse gives 0.05 V., etc. Hence each 
pulse received causes the potential of X to change by equal increments. In 
the case of the circuit shown, the 15th pulse causes valves 2, 4, 6 and 8 to 
be conducting, and a potential at X of 0.15 Y. The 16th pulse makes these 
valves non-conducting,, causes one output pulse from the unit, returns the 
potential difference between X and Y to zero, and brings the system to the 
original state as at the beginning of the counting period. The sole effect of 
Potter’s modification of the circuit is to make valves 2, 4, 6 and 8 non¬ 
conducting on the receipt of the 10th pulse instead of needing to wait for 


*S S West An Electronic Decimal Counter Chronometer. Electronic Engineering. 
' 19:3-6, Jan., 1947. 19:58-01, Feb., 1947. 
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the 16th. A direct-reading instrument is made by connecting a suitable meter 
between points X and Y. A 0-500 mieioammeter with resistance about 150-200 
ohms would be satisfactory. Of course, the introduction of the meter will 
alter the distribution of currents and potentials slightly from those described 
above, but this does not interfere with the meter’s action of indicating the 
count. 



Note: The plate-to-grid coupling condenseis marked lOggF. should be 100/x/xF. 

The undesired couplings between different seale-of-2 circuits due to the 
common resistors It,, E a and E a are very small, and no trouble has been experi¬ 
enced due to them. The instrument can be returned to its initial state, i.e., 
the meter reading returned to zero, at any time, by opening the reset key 
for a moment. This makes valves 2, 4, 6 and 8 non-conducting. 

High-speed electrical counters using scale-of-2 circuits have been used for 
a number of years with neon lamps. These indicators need to be interpreted 
by the operator, and there is a considerable possibility of human error in 
the ease of large sealing circuits. The meter indicator described in this paper 
simplifies the interpretation. 

Discussion. 

Mr. R. L. Taylor asked what was the maximum scale of counting that 
could be covered by the use of a meter indicator. 

The speaker replied that this depended on the Bize and ease of reading 
of the meter scale. With the ordinary type of panel meter available he did 
not advoeate the use of this method above, say, a seale-of-16 counter. A larger 
meter would enable higher scales to be distinguished. * He advocated the 
method particularly for decimal counters. 


A PROPOSED AURORAL INDEX FIGURE. 

By I. L. Thomsen, Carter Observatory, Wellington. 

The search for a simple index figure by means of which the intensities of 
individual auroral displays may be compared, as well as for the purposes of 
statistics and correlation has been made by many observers. In New Zealand 
the problem is somewhat accentuated by having to deal with the reports from 
numerous observers of varied training and experience. Many observers have 
used an arbitrary scale which is usually defined as “ faint,” “ moderate,” 
“ bright,” or “ brilliant.” Such a scheme, without further definition does not 
take into account auroral forms visible, movement or duration, and depends 
a good deal on personal experience of witnessing aurorae. In Canada, Currie 
and Jones developed a method of giving an hourly index which took these 
factors into account, but it indicates the need of fairly continuous observations 
by trained observers at a single station, as well as neglecting the fairly rapid 
changes that may occur even within a few minutes. In New Zealand the whole 
story of a display is made up from a large number of individual reports made 
at various times of the night hours depending on each observer’s circumstances. 



